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This invention relates fo derivatives of beta- 
amino acids. More particularly, if relates to the 
i-carboanhydrides of beta-amino acids and to 
their polymers. 
The N-carboanhydrides of alpha-amino acids, 5 
i. e., the five-membered cyclic compounds of the 
formula 
 o 
c-c 
/I \o I0 
o 
wherein the 's are hydrogen or organic radicals, li 
have been known for a long time. It fs also 
known that these compounds can undergo poly- 
merization with evolution of barbon dioxide and 
ïormation of polyamides, ttowever, the N-car- 
boanhydrides of beta-amino acids, i. e., the six- 20 
membered cyclic compounds of the general for- 
mula 
R R 0 
\ /  
R C--C 
\c / \o 0_5 
. 0 
wherein the l's are hydrogen or organic radicals 
have not been described in the chemical literature 30 
except in two special cases where the N-carbo- 
anhydrides happened fo be stable from the stand- 
point of sensitivity fo water and heat. These were 
the isatoic anhydrides (from anthranilic acid and 
related substituted anthranilic acids) and the 35 
N-carboanhydride from beta-aminoacrylic acid. 
There fs no published record of work on the N- 
carboanhydrides of those beta-amino acids in 
which the carbon alpha to the carboxyl aroup is 
aliphatic in nature and satttrated. Moreover, 40 
 - there are no published genera! methods of mak- 
ing polyamides from beta-amino acids, although 
 polymerization methods bave been proposed in 
special cases such as the N-aryl beta-amino acids 
or those beta-amino acids where the carbon atom 45 
alpha to the carboxyl group .bears no hydrogen 
atom (see application Serial-lmber 679,86.1, 
flled by I,. . Schreiber on June 27, 1946), now 
abandoned. 
If fs an object of this invention fo provide a 0 
new class of hitherto unknown N-carboanhy- 
drides of the beta-amino acids. Another object 
is fo provide a process for preparing the N-carbo- 
anhydrides of beta-amino acids. A further object 
fs fo provide a genera! method, of obtaining poly- 

55 beta-aminopropionic acid. 

amides having recurring beta-amino acid units. 
A still further, object fs 6o provide a new Ciass 
of polyamides. Other objects Will appedr hre- 
inafter. 
These objects are accomplished by the inven- 
tion of the N-carboanhydrides of' the beta-amino 
acids having af least four carbon atoms, including 
the carboxyl carbon, and wherein the carbon 
atom alpha fo the carboxyl group fs aliphatic, 
including cycloaliphatic, that fs non-aromatic, 
in character and bears single bonds only and the 
amino nitrogen bears af least one hydrogen atom, 
and of the polymerization if these i-carbo- 
anhydrides with evoltion of carbon dioxide fo 
polyamides having a unit length of four. 
The term "unit length'.' as used here bas its 
usual and accepted meaning, i. e., the length of 
the recurring unit in the polyamide chain, in thiæ 
CaSe 
Lolyamides prepared from beta-amino acids 
wherein the carbon alpha fo the carboxyl bears 
af least one hydrogen atom and wherein the 
amino nitrogen fs unsubstituted are believed fo 
be new. There fs no known method of preparing 
such polyamides. The Present invention opens 
up the way for the preparatior of these polymers. 
In the preferred embodiment of the invention, 
the N-carboanhydride of a beta-amino acid fs 
prepared by reacting the acid or ifs alkali metal 
salt with phosgene under anhydrous conditions, 
desirably in the presence of a solvent, inert to- 
ward phosgene, for the l-carboanhydride. The 
latter is then separated from the reaction mix- 
ture by appropriate means, including removal of 
the solvent if a solvent is used, and if desired 
purified by recrystallization. Polyamides can 
be prepared from the N-carboanhydrides by ther- 
mal decomposition, with or without catalysts 
which fayot ring opening. 1Vfixture of two or 
more hT-carboanhydrides, or of N-carboanhy- 
drides of beta-amino aeids with N-carboanhy- 
drides of alpha-amino aeids may be used fo ob- 
tain copolymers. 
When referenee is m-ade herein fo an amino 
aeid, if is understood that what is meant is an 
amino earboxylie aeid. 
The invention is further illustrated in detail 
in the following examples in whieh parts are by 
welght. 
Example I 
Fiïteen (15) Parts oï alpha,alpha-dimethyl: 
(dried overnight in 
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vacuum over phosphorus pentoxide) was placed in 
a glass reaction vessel protected from the atmos- 
phere with drying tubes and provided with a gas 
inlet tube, a reflux condenser and a high speed 
stirrer. Six hundred and sixty-eight (668) parts 
of freshly distilled methylene chloride was added 
and gaseous phosgene (purified by passage 
through cottonseed off and subsequently through 
concentrated sulfuric acid) was passed through 
the vigorously agitated suspension af 20-25 ° C. 
for 5 hours. The suspension was then flltered 
and the methylene chloride was removed from 
the flltrate by distillation under reduced pres- 
sm'e. There was obtained 2.66 parts of a white 
crystalline residue which, upon recrystallization 
from 57 parts of dry benzene, furnished 2.52 parts 
of the pure N-carboanhydride of alpha,alpha- 
dimethyl-beta-aminopropionic acid as white crys- 
tals melting af 126-12î ° C. with evolution of 
carbon dioxide and formation of polymer. 
Analysis,.--Calcd. for C6HgON: C, 50.34; 
6.34; N, 9.79. Found: C, 50,62, 50,89; I-I, 6.47, 
6.54; 1, 9.52, 9.61. 
This compound is unstable fo storage at room 
temperature. After four days, even though pro- 
tected from moisture, the material is no longer 
completely soluble in methylene chloride and it 
melts af 105-110 ° C. with evolution of carbon 
dioxide and formation of polymer. 
Exampe II 
The N-carboanhydride of DL-beta-aminobu- 
tyric acid was prepared from 20 parts of the dry 
acid by the procedure described in Example I. 
Evaporation of the methylene chloride filtrate 2. 
gave 0.71 part of the N-carboanhydride which, 
after recrystallization from a mixture of 12 parts 
of benzene and 1.5 parts of petroleum ether, was 
obtained as white crystals melting af 103 ° C. with 
vigorous evolution of carbon dioxide and rapid 
resolidification to a white polymer melting above 
300 ° C. The N-carboanhydride of DL-beta- 
aminobutyric acid had the following composi- 
tion: 
AnaIysis.--Calcd. ïor CI-IO3N: C, 46.51; I-I, 4. 
5.47; N, 10.65. Found: C, 46.66, 46.70; I-I, 5.60, 
5.69; N, 10.70, 10.92. 
Example III 
Five parts of finely divided, dry, sodium beta- 
aminobutyrate was suspended in 67 parts oî 
methylene chloride. Phosgene was passed 
through the suspension for 2 hours a 20-25 ° 
C., then for 30 minutes at the refluxing tem- 
perature of methylene chloride (40-42 ° C.). The 
methylene chloride solution was filtered off and 
evaporated to di'yness, leaving the crude N-car- 
boan_hydride of beta-aminobutyric acid as white 
needles melting around 80 ° C. with evolution of 
carbon dioxide and formation of polymer. 
ExamPle IV 
Using the procedure of Example I, 15 parts of 
DL-beta-phenyl-beta-aminopropiÇnic acid was 
reacted with phosgene to give 2.65 parts of white 
crystalline N-carboanhydride which, after re- 
crystallization from benzene, decomposed af 99 ° 
C, with evolution of carbon dioxide and forma- 
tion of a polymer melting above 255 ° C. 
Example V 70 
Into a glass tube ending in a capillary was 
charged 1 part of the N-carboanhydride of al- 
pha,alpha-dimethyl-beta-aminoproprionic acid, 
and the tube was immm'sed in an off bath main- 
tained ai 130 ° C. Carbon dioxide was vigorously 75 

4 
evolved and the material partly melted. Within 
30 minutes, evolution of carbon dioxide had 
ceased and the molten material had solidified. 
After heating for a total of 60 minutes the weight 
loss closely approached that calculated for the 
formation of a polyamide by loss of carbon di- 
oxide from the N-carboanhydride. The resulting 
polymer had the composition corresponding to 
the formula 
cIIa 
(--NII--CII--C--C 0--)  
where n ks an integer. If was soluble in ehloro- 
ïorm and in m-cresol and melted above 200 ° C. 
Ifs intrinsie viseosity in m-eresol was 0.17. 
Alsis.--Calcd. ïor CI-ION: , 60.58; H, 
9,15; N, 14.13. Found: (2, 59,07, 59.19; H, 8.9'/, 
9.10; N, 18.89, 13.44. 
When the polymerNation was condueted in 
lution by dissolving 1 part of the N-earboanhy- 
dride of alpha,alpha-dimethyl-beta-aminopropi- 
ortie aeid in 22 parts of ehloroform and allowing 
the solution fo stand at room temperature ïor 
three weeks, there was obtained a polyamide of 
similar general eharaeteristies melting at 250 ° C. 
Example VI 
Upon heating the N-carboanhydride o beta- 
aminobutyric acid af 160 ° C., carbon dioxide was 
vigorously evolved. After rive hours, the weight 
loss closely approached that calculated for the 
ïormation of a polyamide with complete removal 
of carbon dioxide. OEhe resulting white polymer 
had a composition corresponding fo the formula 
(--NIt--CtI--CIt--C O--)  
where n is an integer. If melted af 315 ° C., was 
soluble in m-cresol and formic acid but insoluble 
in cyclohexanone, chloroform or benzene. 
Analysis.--Calcd. for CaI-ION: C, 56.45; H, 
3.30; N, 16.46. Found: C, 54.05; tt, 8.04; N, 16.24. 
The N-carboanhydride oï beta-aminobutyric 
acid also polymerized on standing af room tem- 
perature. After two days' storage a sample had 
become insoluble in methy!ene chloride and did 
hot mer below 200 ° C. 
This invention contemplates as new prcucts 
the N-carboanhydrides of those betu-amino acids 
which bave at least four and hot more than thir- 
teen carbon atoms, bave hydrogen on amino ni- 
trogen and whose alpha-carbon atom is ali- 
phatic, including cycloaliphatic in nature and 
bears only single bonds. The N-carboanhydi'ides 
contain one more carbon atom than the number 
of carbon atoms in the beta-amino acids ïrom 
which they are derived and thus these new N- 
carboanhydrides contain at least 5 and hot more 
than 14 carbon atoms, and preferabiy hot more 
than 11 carbon atoms, including the two carbonyl 
carbon atoms. The N-carboanhydrides of the 
beta-amino acids falling under the above defini- 
tion are crystalline solids which are water-sensi- 
rive and thermally unstable, and thereïore 
amenable to polymerization through opening oî 
the ring and evolution of carbon dioxide. 
Since purification of the amino acids and of 
the N-carboanhydrides becomes more difiicult 
when long-chain groups are present, and since 
long chain polyamides tend fo melt too low for 
general plastics and flber uses, the preferred 
amino acids as deflned above are those which 
contain hot more than 13 carbon atoms includ- 
ing the carboxyl carbon, and of those the most 
useful, because more readily available and more 
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reactive, are those.which contain not more.than 
10 carbon toms including the carboxyl carbon. 
Additional examples of suitable products_ within 
the scope of the invention are the N-carboan- 
hydrides of beta-phenyl-beta,N-methylamino- 
propionic acid, N-methyl-beta-alanine, N-ben- 
zyl-beta-alanine, 1-carboxy-2-aminocyclohexane, 
beta-phenylaminobutyric acid, beta-aminovaler- 
ic acid, alpha-methyl-beta-aminopropionic acid, 
beta-amino-pelargonic acid, beta-naphthylami- 
nopropionic acid, beta-methylaminobutyric acid, 
beta - methyl - beta - aminobutyric acid, alpha- 
phenyl-beta-aminopropionic acid, etc. 
The N-carboanhydrides of this invention hus 
have the general formula 
1% 1% 0 
No/ \ o 
1 \N--C / 
1 " 0 
wherein the l's are hydrogen or organic radicals 
and wherein the total number of carbon atoms 
is between 5 and 14, inclusive (one carbon atom 
is added fo the amino acid during the formation 
of the N-carboanhydride) and the carbon alpha 
fo the carbonyl group is aliphatic and bears only 
single bonds. Thus at least one of the l's is 
a radical containing at least one carbon atom. 
The preferred compounds are of course those in 
which all of the l's are hydrogen or hydro- 
carbon radicals, preferably aliphatically satur- 
ated, af least one of the l's being a hydrocarbon 
radical of af least one carbon. This is for the 
reason that amino acids which; apart from the 
amino and the carboxyl groups, are hydrocarbon, 
react with phosgene cleanly and without side 
reactions, in comparison to the amino acids 
which contain substituents such as hydro_xyl or 
mercapto. However, beta-amino acids having in- 
ert substituents such as alkoxy or aryloxy are 
entirely suitable, as are those which have pro- 
tected (e. g., acylated) hydroxyl,.amino or mer- 
capto groups. In the formula given above the 
substituents on the carbons alpha and beta fo 
the carbonyl group may,separately or together, 
form a nonaromatic rive or six carbon ring such 
as cyclopentane or cyclohexane. Preferably the 
total number of carbo n atoms in the N-carboan- 
hydride is between 5 and 11, inclusive. 
As has been shown in the examples, a conven- 
ient method of preparing the N-carboanhydrides 
of beta-amino acids consists-in reacting the 
amino acid with phosgene under anhydrous con- 
ditions. Instead of the amino acid there may 
be used its dry alkali metal (e. g. sodium or 
potassium) salt with similar results. The re- 
action takes place at temperatures between --70 
and 100 ° C. or even higher, depending on the 
stability of the N-carboanhydride, the preferred 
range being between --10 and ÷65 ° C. Sealed 
vessels must of course be used at the higher tem- 
perature since phosgene boils at 8 ° C. Prefer- 
ably there is used a diluent inert fo phosgene fo 
facilitate contact, this diluent being desirably a 
solvent for the N-carbonanhydrides. Examples 
of such diluents are chloroform, carbon tetra- 
chloride, benzene, diethyl ether,_etc. Excess 
phosgene may be used as the diluent.- The N- 
carboanhydride may be isolated by any suitable 
method, the most convenient being solution in an 
appropriate solvent and filtration from the un- 
reacted amino acid or alkali metal salt (and 
alkali chloride if an alkali metal salt is used) 

and evaporation .of the solvent, followed by re- 
crystallization if desired. In view of_the sensi- 
tivity fo heat and fo water of the Ncarboan- 
hydrides, these operations should be conducted 
5 as much as possible at low or ordinary tempera- 
tttre and with exclusion of atmospheric moisture. 
The N-carboaïnhydrides may be' poerized by 
a vaety of metho inclung thermal decompo- 
siC!on as such or in a solvent such as chloroform 
10 0r meta-creso!, or bywater-catalyzed polymeriza- 
tion in a non-polar solvent such as benzene at 
ordnary or elevated temRerate, or by treat 
ment th or thout s01vent th catalytic 
amours of an active hyogen-containg ma- 
1 terial, e. g. an alcohol or a. basic nitrogen-con- 
taining comRod such. as  pmary o secondary 
ane. In aHcases evolut!0n of carbon dioxide 
takes place with format0n Of Ç ço!ade. The 
polyamides th obtained have the generic or- 
2 mula 
2 wherein the R's have the sigficance already in- 
dicated for the N-carboayides and n is an 
integer indicating the deee of polymerizaon. 
A useful index of the degree of polymerization 
is the intriic viscosity, as defined for example 
0 in U. . Patent 2,130,948 or in "Advances in Col- 
loid cience," vol. II, p. 209. 
These poamides are in geeral solid crystal- 
line maerials insoluble in water but soluble in 
certain active organic Solvents of which m-cresol 
 and forc acid are representative. They have 
in general high melting points, ually well above  
100  C. although ts depen in a large measure 
on the nature of the substituents on the polymer 
chain. Those polyamides whose degree o poly- 
40 merization is suciently high can be extruded 
or spun flore melt or from soluon fo give 
shaped materia such as fibers, fil, ribbons, 
tubes, etc. The polyades are also useful as 
film-forng ingreents in coating compositions, 
45 ingredients for molding powders, etc. 
The polymerization of the N-carboayides 
oï beta-ano aci may involve mixtures of two 
or more different monomers, or if may be con- 
ducted th xtures of N-carboaydrides oï 
50 beta-ano aci th N-carboayides of 
alpha-amino acids. In his manner copolymers 
are obtained, which are in general characterized 
by greater solubity in the coon organic 
solvents than the polyamides obtained ïrom one 
5 monomer alone. 
e polyades which are obtained ïrom the 
N-carboayides of those beta-ano acids of 
at least 4 carbo where the amino nitrogen is 
substituted and  the carb0n alpha fo the car- 
60 boxyl, in adtion fo being aliphatic in natte 
and being oy sgle bonds, bears af least one 
hydrogen atom, hae not been preoly de- 
scbed. This is probably because such poly- 
amides are not obtainable rectly from the 
65 amino acids or theoe ade-forng derivatives. 
These poamides are near polers having 
recuing structural its of the general formula 
wherein the R's are hyogen or hydrocarbon 
racals, one of them at let being a hyo- 
carbon radical of at least one cbon. Of this 
7 special class of Roades. the preferred ones 
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from the standpoint of availbility of the amino 
acids are those in which the carbon .alpha to the 
carbonyl is unsubstituted, i. e., those having re- 
curring structural .units of the eneral formula 
(--NH--C--CttC 0--) 
The method hevein described, i. e., the polymeri- 
zation of the N-carboanhydrides of beta-amino 
acids, makes this particular .type of polyamides 
accessible, as well as the other polyamides of 
unit lenth four wherein.the amido nitroen and 
alpha carbon are substituted. 
As many apparently widely different embodi- 
ments of this invention may .be ruade without 
departing from the spirit .and scope :thereof, it 
is to be understood that this .invention is hot 
limited to the specific embodiments thereof ex- 
cept as defined in the appended claires. 
I claire: 
1. An N-carboanhydride of a beta-amino car- 
boxylic acid which acid bas a non-aromatic 
alpha carbon atom bearing solely single bonds 
and bas at least one hydrogen atom on the amino 
nitrogen, said N-carbo.anhydride containing at 
least 5 and not more than .14 carbon atoms, and 
being free from aliphatic carbon-carbon un- 
saturation. 
2. An N-carboanhydride of a .beta-,amino.car- 
boxylic acid vhich acidhas a non-aromatic alpha 
carbon atom bearing solely single bonds and bas 
af least one hydrogen atom on the amino-nitro- 
gen, said N-carboanhydride, apart from the ami- 
no and the carboanhydride .groups, consisting 
solely of hydrocarbon, containing at least 5 and 
not more than 14 carbon atoms, and being free 
from aliphatic.carbon-carbon unsaturation. 
3. An N-carboanhydride of a.-beta-amino car- 
boxylic acid which acid has a non-aromatic 
alpha carbon atom bearing solely single .bonds 
and at least one hydrogen .atom and has solely 
hydrogen atoms on .the amino nitrogen, said 
N-carboanhydride containing at least 5 and .hOt 
more than 14 carbon atoms, and being 'free from 
aliphatic carbon-carbon unsaturation. 
4. A linear polymer having recurring struc- 
rural units of the general formula 
wherein the l's ace selected from the roup con- 
sisting of hydroen and hydrocarbon radicals 
îree from aliphatic carbon-carbon unsaturation, 
at least one of said l's bein .a hydrocarbon 
radical any remainin recurrin structural units 
of said polymer being alpha-amino acid-units. 
5. A polymer accordin to claim .4 wherein 
the cabon alpha to the carbonyl in the .beta- 
amino acid units bears two hydroens. 
6. A process for the preparation-of the .17- 
carboanhydride of a beta-amino-carboxylic acid 
which acid has a non-aromatic alpha Cal-bon 
atom bearing onlysinle bonds,has at 4east.one 
hydrogen on the amino nitroen .is ,free .from 
aliphatic carbon-carbon unsaturation, and con- 
tains from 4 to 13 carbon atoms which comprises 
reactin a member of the class consistin of said 
amino acids and their alkali metal salts with 
phosene under anhydrous conditions. 
7. Process of claire ..6 wherein the reaction .is 
conducted dn the .prèsence of an inezt .s01vent. 
8. An N-carboanhydride of a .betaprimary 
amino-alkanoic acid -of 14 'to .13 carbon :atonis. 
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.9. Process for the preparation of the N-car- 
boanhydride of a beta-primary .aminoalkanoic 
acid of 4 to 13 carbon atoms .which comprises 
reacting said acid .with phosgene in an anhy- 
G drous inert solvent. 
10. A linear polymer the recurring structural 
units of hich are of the general formula 
wherein the R's are selected ïrom the group con- 
sisting of hydrogen and ,hydrocarbon radicals 
free from aliphatic carbon-.carbon unsaturaion, 
] ai least one of said l's being a hydrocarbon 
radical. 
11. A polymer according to claire 10 wherein 
the carbon alpha to the carbonyl in the beta- 
amino acid units bears two hydrogens. 
20 12. An N-carboanhydride of a beta-primary 
amino carboxylic acid which acid bas a non- 
aromatic alpha carbon atom, contains only 
drogen, the amino nitrogen,-the,carboxyl oxygens 
and 4 fo 13 carbon atoms, and is free from ali- 
25 phatic carbon-carbon unsaturation. 
13. An N-carboanhydride of a beta-amino 
carboxylic acid which acid bas-a non-aromatic 
alpha carbon atom bearing solely single bonds 
and bas at least one hyàrogen atom on .the 
30 amino nitrogen, said N-carboanhydride contain- 
ing at least 5 and hot more than 14 carbon 
atoras, having, on the-carboanhydride ring only 
inert substituents, and being free .from aliphatic 
carbon-carbon unsaturation. 
3.5 14. ,an N-carboanhydride of a beta-primary 
amino acid which acid bas the alpha and beta 
carbons as portions.of a saturated cycloaliphatic 
ring of 5 to 6 carbons, contains only hydrogen, 
the amino nitrogen, the carboxyl oxygens, .and 
0 is free from aliphatic carbon-carbon unsatura- 
tion. 
15. The N-carboanhydride of a]pha-alpha- 
dimethyl-beta- aminopropionic acid. 
lô. The N-carboanhydride of .beta-aminobutF- 
4.5 tic acid. 
17. The N-carboanhydride of .beta-phenyl- 
beta-aminopropionic acid. 
18. A linear polyamide having recurring.beta- 
pmary monoamino monocarboxylic acid units 
50 which units have the --NI-I-- group and the 
CO-- group on adjacent non-aromatic car.- 
bon atoms, bave .hydrogen on the carbon alpha 
to the --CO-- group, are free from aliphatic 
carbon-carbon unsaturation, are hydrocarbon 
5 except for the --NH--- and --CO-- groups and 
have a hydrocarbon radical on.one.of the car- 
bons linking the --NI-I--.and --CO-- groups, 
azkv remaining recto-ring structural units of said 
polymer being alpha-amino acid units. 
oo 19. A linear polyamide having recurring beta- 
primary monoamino monocarboxylic acid units 
which units bave the --NH-- group .and the 
--CO-- group on adjacent non-aromatic.carbon 
atoms, have two hydrogens on the. carbon alpha 
ç' to the --CO-- group, are free .from aliphatic car- 
bon-carbon unsaturation, are hydrocarbon ex- 
cept for the --NH and --CO groups and bave 
a hydrocarbon radical on one of the carbons 
lilking the --NI-I-- and --CO groups any re- 
ï0 maining recurring-structura! units of said poly- 
mer being alpha-amino acid units. 
HIIA/IER EtNEST .WINBERG. 
Z5 (References on following page) 
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